Abstract. High-resolution neutron total and capture cross-section measurements have been performed on a 99.82% enriched 206 Pb metallic sample. The transmission and capture measurements were carried out at the 25-and 60-m stations, respectively, of the Time-Of-Flight facility GELINA of the IRMM in Geel (B). The small amount of material allowed us to detect 13 resonances below 80 keV in the transmission measurements and 70 were seen in the capture measurements below 150 keV. The resonance parameters for the resonances seen in transmission agree within the uncertainties of the parameters determined by Horen et al. at ORELA. The capture yield was measured up to 600 keV and the capture areas for resonances up to 150 keV were compared with published data. This comparison reveals systematic differences, which are due to the detection geometry, the different neutron sensitivity in the detection systems, the applied weighting function, and normalisation.
INTRODUCTION
The most promising concept of an Accelerator Driven System (ADS) neutron source is based on the use of a lead-bismuth eutectic as a spallation target, coolant, and moderator. Therefore, for the design, optimization, and safety assessment of such systems, the nuclear data for neutron-induced reactions on Pb and Bi play an important role. The data can also be incorporated into stellar codes to investigate the details of the s-process models and for a quantitative assessment of the s-process abundance of Pb. The resolved resonance parameters of 206 Pb in the evaluated data files are primarily based on the transmission and differential scattering measurements of Horen et al. [1, 2] , covering the energy range 25 keV to 900 keV. The transmission and capture measurements of Mizumuto et al. [3] cover the range below ~50 keV and the capture measurements of Allen et al. [4] cover the range below ~200 keV. The resonance energy, neutron width, spin, and parity of the resonances were deduced from the transmissionmeasurement data. The measurements were carried out on samples of radiogenic lead (88.38% 206 Pb). To compensate for the 207, 208 Pb content in the sample, a combination of a natural lead sample and a lead sample enriched to 92.4% in 207 Pb was used for the sample out measurements. The experimental data from the capture measurements [3, 4] are limited to 200 keV. The lack of accurate capture cross-section data for 206 Pb can also be noted in the recent compilation of Bao et al. [5] . To meet the required accuracy for the target and coolant material in any ADS, improved total and in particular capture cross-section data are needed.
EXPERIMENTAL CONDITIONS AND DATA ANALYSIS
To improve our knowledge of the resonance parameters for 206 Pb, transmission and capture measurements were carried out at the neutron Time-ofFlight (TOF) spectrometer GELINA of the Institute for Reference Materials and Measurements (IRMM) at Geel in Belgium. The accelerator was operated at 800 Hz and 70 µA average electron current, providing electron pulses of 1 ns with 100 MeV average electron energy. A detailed description of GELINA can be found in [6] .
Transmission Measurements
The transmission measurements were performed at a 25-m flight path of GELINA on two samples of metallic lead (99.82%
206 Pb). The thickness of the samples was 1.60 x 10 -2 and 3.00 x 10 -2 at/b. The angle between the flight path and the normal of the moderator for this flight path was 9 o . At 9.1 m distance from the neutron-producing target the 206 Pb sample was placed in an automatic sample changer, operated by the data-acquisition system. The sample changer was placed behind a 294-mm-long collimator with an aperture that results in a 15-mm-diameter beam at the sample. The 0.0129-at/b-thick 10 B anti-overlap filter together with a thick sample of sulphur was placed just before the sample changer. The "black" resonance in sulphur at 102.7 keV was used to monitor the amplitude of the background. After the filters and the sample, the neutron beam was further collimated and finally detected by a Li-glass scintillator (NE 905), placed 26.5 m from the neutron producing target.
The Li-glass, with a 110-mm effective diameter and 12.7 mm thickness, was mounted in an Al canning and viewed by two EMI 9823 KQB photomultipliers, which were placed outside the neutron beam. Two BF 3 proportional counters were used to monitor the neutron output of the accelerator and to normalise the spectra. Air conditioning was installed at the measurement and sample station to keep the sample at a constant temperature and to reduce electronic drifts due to temperature changes. The temperature at the sample position was continuously monitored. The average temperature was then used in the analysis program to calculate the Doppler broadening of the resonances. The dead time of the detector system was 1160 (8) ns.
Capture Measurements
The capture measurements were performed at a 60-m flight path. The angle between the flight path and the normal of the moderator for this flight path was 9 o . The moderated neutron beam was collimated to about 75 mm in diameter at the sample position. To reduce the contribution of overlap neutrons we used a 0.0416-at/b-thick 10 B anti-overlap filter. The lead sample consisted of a 99.82% pure metallic 206 Pb disc of 60 mm diameter and 1.08 mm thickness (3.546 x 10 -3 at/b).
The γ-rays, originating from the capture reaction in the sample were detected in four C 6 D 6 -based liquid scintillators (NE230) of 10 cm diameter and 7.5 cm height. The measurements were carried out using two different geometries with the detectors positioned at angles of 90 o and 125 o with respect to the neutron direction. The 125 o geometry was used to minimize anisotropy of γ-rays emitted from resonances with a spin J > ½. Each scintillator was coupled to an EMI 9823 KQB photomultiplier through a quartz window. The pulse-height weighting technique [7] was applied to the detector output pulses in order to make the detection efficiency proportional to the total emitted γ-ray energy. The shape of the neutron spectrum was measured with a triple Frisch-gridded ionization chamber placed 80 cm before the sample. This chamber was loaded with three back-to-back layers of about 40 µg/cm 2 10 B each.
The weighting function used in converting the observed count rate to capture yield was calculated using Monte Carlo techniques. In this calculation it is assumed that the γ-rays are produced uniformly across the sample as the attenuation of the incident neutron flux is small [8] .
The normalisation of the lead data was determined from measurements on sandwiched samples of 
RESULTS AND DISCUSSION
From the transmission measurements the resonance energy E n and gΓ n values for 13 resonances were deduced. The resonances at 16 and 66 keV are assumed to be s-wave resonances as resonancepotential scattering interference effects are seen in the transmission. The s-wave scattering radius for 206 Pb was determined to be 9.55±0.02 fm from the regions around these resonances. Figure 1 shows a fit to the region in the vicinity of the 66-keV resonance. The value of R'=9.46±0.15 fm quoted by Mughabghab [11] is in good agreement with our value. Table 2 reveals that the resonance parameters of Horen et al. [1] are in reasonable agreement with our more accurate results. However, comparing the transmission area with the data of Mizumoto et al. [3] there are deviations of up to a factor of 2. In the analysis of the weaker resonances seen in our capture data we propose initially to use the neutron widths quoted by Horen et al. [1] . Figure 2 shows the normalised capture yield for the 206 Pb measurements carried out at 125 o and the total background contribution. The time dependence of background was fitted using the code REFIT [10] . The background contribution is described as a sum of two components:
( ) with T the flight time of the neutron and σ H,t the total cross section for hydrogen. In REFIT [10] the contribution of the background parameters b 0 , b 1 , b 2 , b 3 , and b 4 can be adjusted together with the resonance parameters.
The first time-dependent component, the nonprompt background contribution, can be estimated from the capture yield between well-separated resonances and depends strongly on the measurement conditions and collimators installed at neighbouring flight paths. The second component, the so-called prompt background, originates from neutrons, which are scattered in the sample and subsequently captured in the detector environment.
This contribution is hard to distinguish from a capture event in the sample and it contributes directly to the resonance area and is related to the neutron sensitivity of the detector. The neutron sensitivity of our detection system was calculated in MCNP simulations, and was validated by experiments [8] . Figure 2 shows the contribution of the neutron sensitivity to the capture yield together with the total background contribution. In the region up to 150 keV, 70 resonances were seen in our capture data while only 51 are listed in the ENDF/B-VI library.
In Fig. 3 we plot the ratio of the capture area obtained at 125 o and the capture area determined by Mizumoto et al. [3] , as a function of the ratio of the capture area we deduced at 125 o and 90 o . The latter one was normalised to 1 for the s-wave resonance at 16.42 keV. The strong correlation between the two ratios indicates that the measurements of Mizumoto et al. [3] were performed in a 90 o geometry. Also for the data of Allen et al. [4] we observe a similar correlation.
We can conclude that the capture data of Mizumoto et al. [3] and Allen et al. [4] suffer from a systematic error of up to 20%, related to the anistropic effects for resonances with a spin J > ½. Additional systematic differences with the data of Allen et al. [4] and Mizumoto et al. [3] result from the normalisation and the weighting function. Their measurements were performed with C 6 F 6 detectors and they did not report on the normalisation or weighting function that was applied. In addition they did not specify how the data were corrected for the neutron sensitivity. The analysis of the capture data above 150 keV is ongoing.
CONCLUSIONS
We performed 206 Pb(n,γ) total and capture crosssection measurements at GELINA in an energy range up to 600 keV with a 1-ns time resolution. A comparison of our capture data with the data in the literature reveals discrepancies of up to 20%-30%. These discrepancies result from systematic uncertainties due to angular correlation effects, the neutron sensitivity of the detectors, and the use of the weighting function not accounting for the gamma transport in the sample. The resonance parameters deduced from our transmission data are in good agreement with the data of Horen et al. [1] .
